SUMMARY The cause and associated pathophysiology of precordial ST-segment depression (ST {) during acute inferior myocardial infarction (IMI) 
In all patients, the first standard 12-lead ECG was recorded 0.5-9 hours (mean 3.3 + 3.1 hours) after onset of chest pain. All ECGs were recorded at 25 mm/ sec and at 1 cm 1 mV. ST-segment depression in leads V1-V6 was quantified by one investigator without knowledge of the patient's identity or clinical data. The maximum ST-segment depression below the TP interval was measured by calipers and expressed in millimeters. The patients were then divided into two groups. Patients in group A had no or insignificant (< 1.0 mm) precordial ST-segment depression; those in group B had 1.0 mm or more ST-segment depression in two or more of the six precordial leads.
Electrocardiographic criteria for acute transmural IMI included the development of new Q waves ¢ 40 msec in duration in two of three leads (II, III and aVF).2 "True posterior" MI was diagnosed if a tall R wave appeared in leads V, 2 with an R/S ratio B 1.0.9
Clinical Evaluation
A detailed clinical history was obtained from each patient upon admission. Patients were assigned by clinical criteria to Killip classes I-111. 0 To characterize further the population under study, the Norris Coronary Prognostic Index," which combines age, history of ischemia, heart size and signs of congestive failure on the admission chest roentgenogram, was calculated for each patient. CK levels were measured upon admission, every 4 hours for the first 24 hours, and then daily until a normal value was measured.
Patients were evaluated daily by at least one staff cardiologist and a research nurse during the course of hospitalization. Complications included pulmonary edema; angina pectoris more than 2 days after onset of infarction and after at least a 24-hour pain-free interval; ventricular tachycardia or ventricular fibrillation requiring countershock; supraventricular tachycardia, including atrial fibrillation, atrial flutter and atrioventricular junctional tachycardia; right ventricular infarction by physical examination;"2 atrioventricular block requiring insertion of a temporary pacemaker; pericarditis, indicated by a pericardial friction rub or typical pain responsive to anti-inflammatory agents and no reappearance of MB-CK in the plasma; and infarct extension, indicated by recurrent pain, typical ECG changes and a secondary increase in plasma MB-CK.
Exercise Myocardial Scintigraphy
Patients were exercised on a treadmill using the Naughton protocol'3 a mean of 11 + 2 days (range [7] [8] [9] [10] [11] [12] [13] [14] Thallium imaging commenced 10 minutes after injection with the patient supine in the anterior projection, followed sequentially by the 450 left anterior oblique (LAO) and 700 LAO projection, respectively. The anterior and 450 LAO images were repeated 1 hour and 2-3 hours after 20'T1 administration. All images were recorded for 10 minutes on an Ohio Nuclear 420 portable gamma camera using an all-purpose (GAP) medium-sensitivity collimater and a 25% window centered on the 80-keV x-ray peak. All studies were stored in a computer (MDS-MUGA Cart of A2) for standardized image formation and quantification of relative 201TI activity in six standard myocardial scan segments by methods described previously.'I'6 Initial 20 T1 uptake and washout were determined for each myocardial segment by two independent observers without knowledge of ECG, other radionuclide or angiographic findings. In cases of disagreement, differences in interpretation were resolved by consensus with a third observer. Criteria for designating a scan segment as abnormal were identical to those previously described. ' patients, the inferior and inferoapical segments were considered. Also, in four patients (two from each group), the mid-high posterolateral wall was designated an infarct-related segment because angiography revealed that the circumflex artery was the infarct vessel. Finally, since the apex represents a confluence of coronary supply areas, it was considered an infarct segment only when an apical abnormality was seen adjacent to an akinetic inferior or inferoapical segment and either one-vessel disease of the right coronary or circumflex artery was demonstrated by angiography, the posterior descending artery extended well into the apex, or the anterior descending artery was normal.
Coronary Angiography
All patients underwent selective coronary angiography a mean of 12 days (range 9-15 days) after onset of infarction, using the percutaneous femoral (Judkins)'8 or brachial (Sones)'9 technique. The three major coronary arteries and their branches were independently examined by two experienced angiographers without knowledge of ECG or radionuclide findings using multiple oblique projections, according to a 15-segment model.20 Maximal luminal diameter narrowing for each major coronary artery was estimated visually and differences of interpretation were resolved by consensus with a third angiographer present. Narrowings in diagonal or marginal branches were considered lesions of the left anterior descending (LAD) and circumflex coronary arteries. respectively.
Clinical Follow-up After hospital discharge, each patient was followed by his private physician who had access to all study results and who regulated therapy. No attempt was made to standardize medical therapy. The clinical status of each patient was reevaluated 3 months after discharge through direct outpatient interview. Recurrent cardiac events were recorded and included: sudden death, reinfarction, angina pectoris and congestive heart failure. Sudden death was diagnosed if the patient died within 1 hour of documented ventricular fibrillation in the absence of cardiogenic shock or pulmonary edema. Congestive heart failure was diagnosed if new exertional dyspnea developed after only minimal or moderate effort.
Statistical Analysis
Continuous data are recorded as mean + SD. The t test was used to determine differences between means of independent observations. A chi-square analysis (with Yates correction) was used to determine differences between proportions.
Results
Of the 48 patients with acute transmural IMI, 27 (56%) had significant precordial ST-segment depression on admission. Representative electrocardiographic patterns from the two groups are shown in figure 2.
Clinical Data 
Angiographic Findings
Figures 4 and 5 summarize the angiographic findings in patients with and without precordial ST-segment depression. If 70% or greater luminal diameter reduction is used as a criterion for a significant coronary stenosis, the prevalence of one-, two-and threevessel disease was similar in the two groups ( fig. 4) . Fifteen of 27 patients (55%) with precordial ST-segment depression had multivessel disease, compared with 10 of 21 (48%) without precordial depression (NS). Figure 5 demonstrates the prevalence of LAD disease in the two groups. When lesions of 50% or greater were considered, the prevalence of LAD dis- ease in patients with and without precordial ST-segment depression was similar, 59% and 52%, respectively (NS). When lesions of 70% or greater were considered, the prevalence was 37% and 38%. respectively (NS). Thus, the prevalence of multivessel disease or LAD stenosis in IMI patients with precordial ST depression was no higher than that among those without precordial ST-segment depression. The differences in left ventricular ejection fraction at the time of discharge in the two groups are shown in figure 6 . A value of 55% was taken as the lower limit of normal. In the group with precordial ST-segment depression, 24 of 27 patients (89%) had left ventricular ejection fractions of less than 55%. In contrast, only seven of 21 patients (33%) without precordial depression had subnormal ejection fractions (p < 0.01). The mean ejection fraction in patients with precordial ST depression was 46 + 9%, significantly lower than the value of 54 6% in the group without precordial depression (p < 0.001). Figure 7 shows the regional wall motion scores for infarct-related segments at the time of hospital discharge. The mean score of infarct-related segments was higher in patients with precordial ST-segment depression than in those without precordial ST precordial ST depression on admission. On the other hand, the group with precordial ST depression did not have more anterior wall abnormalities at the time of discharge.
Exercise Myocardial Perfusion Scintigraphy Table 3 is a summary of the exercise test results in patients with and without precordial ST-segment depression. There were no significant differences between the two groups with respect to exercise duration, peak heart rate or systolic blood pressure, exerciseinduced ST-segment depression or provoked angina. Thus, the prevalence of residual myocardial ischemia by exercise ECG was similar in the two groups. pected. the prevalence of mid-high posterclateral wall defects was similar in the two groups, since this myocardial region is generally supplied by the circumflex artery. The prevalence of apical. anterolateral and septal defects was similar in the two groups. This finding was consistent with the lack of anterior or septal wall motion abnormalities in the patients with precordial ST-segment depression and the similar prevalence rate of LAD disease in the two groups. Table 4 is a comparison of the type of 51T1 perfusion patterns corresponding to the inferior and inferoapical scan segments in the two groups. The percent reduction in 2'1T1 uptake was quantified by computer-assisted analysis."4, Although 47 of the 48 patients had either an inferior or inferoapical defect, group A had more normal scan segments than group B: 13 of 42 (31 %) vs four of 54 (8%) (p < 0.01). As expected, the majority of inferior and inferoapical scan segments in both groups were associated with persistent 25Tl defects. However, patients in group B had a significantly higher incidence of inferior or inferoapical defects, 38%) . Based on this retrospective study in patients undergoing coronary angiography up to 6 months after acute IMI, they concluded that precordial ST-segment depression may not represent reciprocal changes, but rather LAD disease with anterior wall ischemia. In the present prospective study, the results include data on exercise 201T1 scintigraphy, as well as coronary angiography performed 9-15 days after onset of acute IMI. Our study also differs from others in that no selection bias existed in the indication for coronary angiography, since this invasive assessment of prognosis was undertaken as part of a clinical research protocol; other reports include patients culled retrospectively from catheterization laboratory files who had angiography for specific clinical indications, such as postinfarction angina, which might skew the results toward an inappropriately high number of patients with multivessel disease.
Electrocardiographic Correlations
Our results indicate the electrocardiographic evidence of "true posterior" infarction is significantly more frequent in patients with precordial ST-segment depression. Despite this statistical association, which confirms work by Shah et al.,8 the relatively low prevalence of posterior wall involvement by ECG criteria deserves further comment. We observed that the majority of patients with a first IMI have posterior wall asynergy by two-dimensional echocardiography,22 yet the ECG rarely detects posterior MI when the criteria of PerloffI are used. This suggests that the sensitivity for diagnosing posterior infarction by standard ECG criteria is low and may account for the low prevalence in our patients and in those of Shah et al.8 Our observation that the magnitude of precordial ST-segment depression is proportional to the magnitude of inferior ST-segment elevation (r = 0.65, p < 0.001) confirms previous clinical4 and experimental work.23. 24 Earlier work232-4 in a canine model showed that ECG leads overlying nonischemic myocardium opposite from the region affected by coronary ligation invariably demonstrates ST-segment depression during coronary occlusion. Moreover, in every study in which a total occlusion of one vessel was performed in the absence of a stenosis of a remote vessel, the magnitude of remote ST-segment depression was proportional to the magnitude of ST-segment elevation from the region of infarction. These findings are consistent with classic electrocardiographic theory2' 3 and tend to support the concept that precordial ST Over the past few years, much attention has focused on the concept of "ischemia at a distance.' In 1940, Blumgart and co-workers"' postulated that, due to collateral circulation, an acute occlusion of one coronary artery could lead to infarction in the distribution of another coronary artery. Extending this hypothesis, ECG changes outside the zone of infarction as a manifestation of distant ischemia might arise in the distribution of a second coronary stenoses if collateral channels were interrupted by occlusion of the feeding vessel (infarct vessel).'6 7 Alternatively, since the ECGs in our study were recorded during the very early phase of infarction, anterior ST-segment depression might be attributed to increased oxygen demands in noninfarcted myocardium perfused by a second critically narrowed vessel. This increased oxygen demand could arise from the increased catecholamine stimulation that usually accompanies acute infarction or alterations in preload and afterload. We found no significant differences between the two groups in the extent of underlying coronary artery disease, prevalence of LAD disease or heart rate and systolic blood pressure upon admission. Thus, our findings appear to refute the concept that precordial ST-segment depression during acute IMI usually represents anterior wall ischemia.
Mere delineation of the number and location of coronary artery stenoses may not provide sufficient information to exclude concomitant anterior wall ischemia in patients with precordial ST-segment depression; thus, the functional consequences of these apparently similar anatomic derangements were further investigated with exercise electrocardiography combined with '20TI scintigraphy at the time of hospital discharge. Several pharmacologic or surgical interventions aimed at limiting infarct size. The value of such therapy aimed at myocardial preservation must be evaluated.
